One of the major environmental problems is the existence of dye materials in water sources. This pollutant must be removed from water by appropriate methods. Although most of these methods are efficient for the treatment of waters contaminated with dye pollutants, they are very costly and commercially unattractive. Adsorption is one of the most popular methods for the removal of dye pollutants from water especially if the sorbent is inexpensive. Sorbents are classified as natural sorbents, commercial sorbents, and the sorbents obtained from industrial and agricultural wastes.
NOMENCLATURE AND UNITS

INTRODUCTION
The use of synthetic chemical dyes in various industries such as paper, plastics, textile and printing has increased considerably over the last few years. As a result, the number of industrial wastes containing dye have increased in aquatic system (Sharma ) . The presence of dyes in water, even at very low concentrations, is highly undesirable and represents a serious environmental problem due to their negative toxicological effects (Puzyn & Mostrag-Szlichtyng ) . Removal of dyes from the water supply is thus of prime importance.
Dyes may be classified according to their chemical structures and their usage or application methods. The main dyes are grouped as acid dyes, basic dyes, direct dyes, mordant dyes, vat dyes, reactive dyes, disperse dyes, azo dyes, and sulfur dyes (Adegoke & Bellon ) . The azo compound class accounts for 60-70% of all dyes. They have some characteristic properties, for example bright, high intensity colors; strong, good fastness properties and low cost. They generally supply yellows, oranges and reds commercially (http://www.chm.bris.ac.uk/ webprojects2002/price/azo.htm).
The removal of dyes which are resistant to light, heat and oxidation agents in an economic and effectual manner by industries especially textile and paper is necessary. The technologies for color removal can be divided into three categories as chemical, biological and physical. These three methods consist of many techniques, such as coagulation, flocculation, oxidation, irradiation, membrane-filtration, ion-exchange, adsorption, and aerobic or anaerobic treatment (Dawood & Sen ) . Some of these techniques are often high cost and may also cause a secondary pollution problem based on excessive chemical use. And also other impurities present in water reduce their effectiveness, so they have huge limitations for removal of dyes. Amongst these techniques, adsorption is one of the best treatment methods due to its initial cost, simplicity of design, insensitivity to toxic pollutants and complete removal of pollutants even from dilute solutions (Crini ) .
This study is about non-conventional adsorbents including zeolite (sepiolite) and agricultural solid wastes (walnut shell and hazelnut shell) and also a conventional adsorbent (activated carbon). The effectiveness of non-conventional adsorbents as an alternative green approach for the removal of some azo dyes (methyl red (MR), methyl yellow (MY) and methyl orange (MO)) which are used in the textile industry, to color wool, silk, nylon and polyurethane fibers, from aqueous solution is discussed. The study also provides a comparison of the effects of various parameters influencing the adsorption, and various adsorption isotherms and kinetics of the developed dye removal process are presented.
MATERIALS AND METHODS
Materials
Walnut shell and hazelnut shell were used as sorbents; these are easily found cellulosic agricultural wastes in Turkey.
They were obtained from city of Çorum and Samsun, which are located in the north of Turkey. The shells were first washed to remove the adhering dirt and then were naturally dried for 20 days at temperatures between 25 and 30 W C. After drying, they were crushed and sieved to keep only the size range from 1 to 2 mm. The other natural adsorbent, sepiolite, was obtained from the city of, which is located in the west of Turkey, and it was used without pretreatment. Activated carbon (particle size: 200-325 mesh, powder, surface area: 750 m 2 /g approximately) was used as conventional adsorbent. It was purchased from Sigma-Aldrich and was used without further purification. Azo dyes used in this study were MR, MO and MY. The dyes were purchased from Merck, were of analytical grade and were used without further purification. The chemical structures of these dyes are shown in Figure 1 . Stock solution of all dyes was prepared in distilled water and all working solutions for the dye sorption experiments were obtained by diluting the stock solution with distilled water to the desired concentration. The pH of the solutions was adjusted by 0.1 M HCl and NaOH solutions. 
Batch adsorption procedure
Batch equilibrium adsorption studies were performed using 250 mL of dye solutions. Parameters affecting the adsorption process such as pH (4-11), adsorbent dosage (2-4 g), initial dye concentration (5 × 10 À3 À 5 × 10 À5 mol/L), contact time (up to 180 min) and temperature (20-45 W C) were studied in a batch system. In each adsorption experiment, the mixtures were agitated in a water bath shaker at 150 rpm. The samples were collected at predetermined time intervals and adsorbent was separated from the samples by filtering. The filtrate was analyzed by a UV-visible spectrophotometer (Hach DR 2400) at λ max for each dye solution to determine the residual dye concentration. Based on the acquired values, the amount of dye absorbed per unit mass of the adsorbent was calculated according to the following Equation (1) and the adsorption yield was calculated by using the Equation (2 
where q e is the amount of adsorbed dye per gram of adsorbent (mg/g), C o and C are the initial and final dye concentration in solution phase, respectively (mol/L), V is the volume of dye solution (L), m is the weight of adsorbent (g) and M is the molecular weight of dye (g/mol).
RESULTS AND DISCUSSION
In this study, activated carbon as commercial adsorbent, sepiolite as natural adsorbent, and walnut shell and hazelnut shell as agricultural wastes were used in the adsorption process for the removal of some azo dyes. The effectiveness of the different types of adsorbents was compared with each other in respect to costs and dye removal performances. The adsorption capacity, which is the most important characteristic of an adsorbent, varied depending on the characteristics of the materials and also the experimental conditions. Experimental results showed that, by selecting a suitable type of solid waste products and also natural zeolite as a low-cost alternative adsorbent instead of commercially available activated carbon, removal of dyes can be done economically and in an environment-friendly way.
Adsorption studies
In the present study, the adsorption process was carried out in a batch system, and also repeated batch operations (n) were performed to examine the reusability. For this purpose, different batches were tested in different sets of experiments and removing capacities were recorded within each respective batch. Thus precision and reproducibility of removal capacities were noted. The mean standard deviation (SD) for all conditions is given in all figures and tables. The greatest value of SD was 2.49 for batch reproducibility. This indicates that removing capacities under the conditions investigated were reproducible. In other words, all results exhibited the advantages of high reproducibility and good reusability.
Effect of adsorbent type and contact time
Figures 2-4 show the influence of adsorbent type and contact time on adsorption capacity of azo dyes. The contact time was of great importance in adsorption. In experiments, removal of all dyes by adsorption on various materials was found to be rapid in the initial period of contact time and then to become slow and stagnate with the increase in contact time (Batzias & Sidiras ) . However, the adsorption process achieved equilibrium within different times in all 
systems; the systems in which activated carbon and sepiolite were used for all dyes reached equilibrium earlier. Also, the experimental data indicated that the adsorption capacity for dye or removal efficiency increased by increasing contact time because of the higher contact between the surface of adsorbents and dyes molecules (Ackacha & Drmoon ) .
In the case where activated carbon was used, maximum adsorption capacity of MR, MO and MY were about 78.27, 63.41 and 40.13 mg/g respectively under the given experimental conditions. The time required for these results was about 90 min. When compared with conventional adsorbent, non-conventional adsorbents (sepiolite, walnut shell and hazelnut shell) had lower adsorption capacities. This is probably due to the activated carbon's highly porous nature; it has a much larger surface area and hence has a higher capacity. Because of this, it is particularly effective in removing organic compounds from aqueous solution (Shammas & Wang ) . Although activated carbon as granule or powder is the most commonly used adsorbent for dye removal by adsorption and is very effective for this process, its widespread use is restricted due to economic considerations. To find inexpensive alternative substitutes to activated carbon, we focused on the use of waste from agricultural operations (e.g., walnut shell and hazelnut shell) and natural materials (e.g., sepiolite) in this study. Sepiolite, a magnesium hydrosilicate, which was used in the experiments is a natural clay mineral. It belongs to a group of layered silicates and also consists of a threedimensional framework. Its porous texture, high surface area, mechanical stability, crystal morphology and composition, surface activity and more importantly its relatively cheap price make it attractive as an adsorbent for decontamination applications. It is highly porous with different cavity structures and its ion selectivity is generated by its rigid porous structure (Sabah & Çelik ; Mohd et al. ) . The other adsorbents, walnut and hazelnut shell, were easily available at the countryside at zero or negligible price. They contain various organic compounds (lignin, cellulose and hemicellulose) that might be useful for binding azo dyes through different mechanisms. Experimental results are summarized for all adsorbents in Table 1 . The effect of contact time on adsorption was not much after 2 h generally and also molecular weight, molecular size, molecular polarity and molecular structure of dyes and adsorbents, which are important 
characteristics, markedly influenced the adsorption process (Dawood & Sen ) .
Effect of initial dye concentration
Adsorption is a surface phenomenon with a common mechanism for removal of pollutants. Because the rate of adsorption is mainly governed by either a liquid phase mass transfer or an intra-particle mass transfer rate, this process largely depends on the initial dye concentration in the solution. This process is initially controlled by both filmand pore-diffusion, and is limited by pore-diffusion only in the later stage (Ho et al. ; Dogȃn et al. ; Dawood & Sen ) . The effect of initial dye concentration on the amount of dye removal is shown in Figures 5-7 . Experimental results showed that the initial dye concentration plays an important role in percentage of dye removal. Dye sorption increased with an increase in the dye concentration in all azo dye solutions. This was because the initial dye concentration provides an important driving force to overcome the resistance to the mass transfer of dye between the aqueous and the solid phase. And also adsorbents' surface had several kinds of functional groups with varying affinity. So binding of the dyes was strongly dependent upon the initial dye concentration. In other words, effective removal of dyes has been achieved in the most concentrated solution. After equilibrium was attained, further treatment did not provide more removal, or the percentage of adsorption of dyes did not show any appreciable change with time. The removal of dyes by adsorption on activated carbon was found to be especially high. In the case where activated carbon was used, percentage of dye removal of MR, MO and MY was about 93%, 62% and 57% respectively under the given experimental conditions.
Effect of initial solution pH
The effect of pH on the amount of color removal was analyzed over the pH range 4-11. The equilibrium sorption capacity and also percentage of dye removal were lowest at pH 11 and maximum adsorption of all dyes was achieved at pH 4. This can be explained by the significantly high electrostatic force of attraction existing between the positively charged adsorption sites of adsorbents and negatively charged anionic dyes MR, MO and MY at pH 4 because more protons will be available at lower pH (Ozcan et al. ) . However, with the increase of pH, the positively charged sites of the adsorbents get decreased and the surface of the adsorbents becomes negatively charged. This condition does not favor the removal of anionic dyes from aqueous solutions, causing a decrease in dye adsorption (Dotto et al. ) . Figures 8-10 show that change in pH affects the adsorption process. Thus, the change in solution pH was an important parameter for adsorption because of change in surface characteristics of adsorbents (Dawood & Sen ) .
Effect of adsorbent dosage
In general, the dye removal percentage increases with the increase of the adsorbent dosage because the large surface area of adsorbents leads to high adsorption capacity and surface reactivity (Salleh et al. ) . Experimental results (Table 2) showed that the dye removal percentages of all dyes increased for an increase in adsorbent dosage from 2 to 4 g. These results were attributed to increased sorbent surface area and availability of more sorption sites resulting from increased dosage of the sorbent (Dim ).
Effect of temperature
The degree of adsorption depends on the temperature of the solid-liquid interface. In this study, the effect of temperature on the adsorption rate of MR, MO and MY onto different adsorbents was investigated at 20, 30 and 45 W C. The dye removal percentage for MR and MO increased with the increase of solution temperature; thus the adsorption was an endothermic process for these dyes. And also it was observed that at higher temperatures the adsorption is faster; therefore the necessary time to reach equilibrium decreased as temperature increased. These results may also be attributed to the increase of solubility and diffusion rate of the dye molecules in the solution with the increase of temperature. In addition, the adsorptive interactions between the active sites and the adsorbate ions might be enhanced because the adsorbents' active sites were activated at higher temperatures (Arshadi et al. ) . However, the MY dye removal decreased with an increase in temperature for the adsorbents (activated carbon, sepiolite, walnut shell and hazelnut shell) respectively. This indicated that adsorption was exothermic. This decrease may be due to weakening of the bonds between the dye molecules and the active sites of adsorbent (Deniz ; Dim ; Luk et al. ) .
The effect of temperature on the adsorption is shown in Table 3 and Figures 11-13 .
Adsorption kinetics
An adsorption isotherm is the presentation of the amount of solute adsorbed per unit weight of adsorbent as a function of the equilibrium concentration in the bulk solution at constant temperature. Taking into account that the adsorption process can be more complex, several adsorption isotherms have been proposed. Langmuir and Freundlich adsorption isotherms are commonly used for the description of adsorption data (Grassi et al. ) .
The Langmuir adsorption isotherm is based on monolayer, uniform and finite adsorption site assumptions; therefore a saturation value is reached beyond which no further adsorption takes place. It also assumes that there is no interaction between the molecules adsorbed on neighboring sites. The Langmuir equation which is valid for monolayer adsorption onto a surface with a finite number of identical sites is given by:
where C e is the concentration of the dye solution at equilibrium (mg/L), q e is the amount of dye adsorbed per unit mass of adsorbent (mg/g), q m is the maximum adsorption capacity (mg/g) and K L is the constant related to the free energy of adsorption (L/mg) (Belhachemi & Addoun ) . The Freundlich isotherm describes heterogeneous surface adsorption. The energy distribution for adsorptive sites follows an exponential type function which is close to the real situation. The rate of adsorption/desorption varies with the strength of the energy at the adsorptive sites. The Freundlich equation is expressed as:
where C e is the equilibrium concentration of solute in the bulk solution (mg/L), q e is the amount of solute (dye) adsorbed per unit mass of adsorbent (mg/g), K f is a Freundlich constant indicative of the relative adsorption capacity of the adsorbent [mg/g (L/mg) 1/n ] and 1/n is the heterogeneity factor, which is the constant characteristics of the system (Osman & Faust ) .
The linear form of the Langmuir isotherm model (Equation (5)) and Freundlich isotherm model (Equation (6)) are given by the following equations (Kumar et al. ):
In this study, to quantify the adsorption capacity of activated carbon, sepiolite, walnut shell and hazelnut shell for the removal of some azo dyes (MR, MO and MY) from aqueous solution, the Langmuir and Freundlich isotherm models were used to define the equilibrium data. Linear plots obtained for 1/q e versus 1/C e and log q e versus log C e at each temperature for adsorption of MR onto activated 37.83 mg/g at 20 W C for MY dye using activated carbon as an adsorbent because of its highly porous structure and large surface area. The values of Langmuir (q m and K L ) and Freundlich (K F and n) adsorption isotherm parameters were calculated. The results showed that the values of n lie between 1 and 10 at all studied temperatures, which indicated that the dyes were favorably adsorbed by all adsorbents. In addition, the values of K F , q m and n increased with the increase in temperature for MR and MO, and decreased with the increase in temperature for MY. So these adsorption isotherms provided some insight into the adsorption mechanism and the surface characteristics of adsorbents (Aksu & Kabasakal ) .
CONCLUSION
The increase of environmental problems due to industrial development is an undeniable truth. Especially, pollutants in water constitute a significant environmental problem. So the use of the adsorption method for water treatment has become more popular in recent years because it does not result in any harmful substances and it is an economically feasible process that can produce high quality water. This study focused on the economic removal of some azo dyes, the largest class of commercial dyes, using different adsorbents. Especially, walnut shell and hazelnut shell, natural, low-cost agricultural by-products, and also sepiolite, a natural zeolite in Turkey, have been studied for their potential application as an adsorbent in their raw form. In this study, effects of the experimental parameters such as nature and initial concentration of adsorbates (MR, MO and MY), solution pH, temperature, nature and dosage of adsorbents and also contact time on the adsorption capacity of different adsorbents (activated carbon, sepiolite, walnut shell and hazelnut shell) were investigated. The equilibrium data were analyzed using the two-parameter model, Langmuir and Freundlich isotherm. In batch adsorption experiments, the rate of removal of the adsorbates from aqueous solutions was controlled mainly by the transport of dye molecules from the surrounding sites to the interior sites of the adsorbent particles. Reported adsorption capacities that could be achieved under specific experimental conditions were presented to give some idea of adsorbents' effectiveness. According to the results obtained, activated carbon could be employed as the most effective adsorbent due to its highly porous nature; it has a much larger surface area and hence has a higher capacity for the removal of dyes. However, sepiolite (natural sorbent) could be considered as a low-cost alternative to activated carbon for these dyes. Although longer contact times were required and low adsorption capacities were achieved for the cellulose-based wastes (walnut shell and hazelnut shell), their main advantages are widespread availability and cheapness. They will have probably significant potential for modification and ultimately enhancement of their adsorption capabilities; so these substrates are more attractive economically and environmentally friendly for dye removal, compared to the other ones. When the experimental results were examined, good removal efficiency was seen for MR dye at any conditions when compared to MO and MY dyes. The adsorption capacities increased with increasing initial dye concentration and dosage of sorbents in all dyes. When the pH of the solution increased further, from 4 to 11, the dye uptake capacities were decreased. When the temperature increased from 20 W C to 45 W C, the adsorption capacity for MR and MO dyes on different sorbents increased in contrast to MY dye. When using walnut shell and hazelnut shell as a sorbent, longer contact times were required to reach the equilibrium. Adsorption of MR and MO dyes on adsorbents fitted well with the Freundlich model. The Langmuir adsorption isotherm model was used for the description of the adsorption process of MY very well. Results of this study will be useful in the future in using these materials as a low-cost alternative to commercial activated carbon for the removal of similar dyes from water/ wastewater effluents to contribute to improved ecology at local level. 
